Two new diaminophosphine ligands, N , N '-bis(dicyclohexylphosphino)-2-(aminomethyl)aniline (1) and (2) were synthesized by the reaction of 2-(aminomethyl)aniline with two equivalents of Cy 2 PCl or (iPr) 2 PCl, respectively. The reactions of 1 and 2 with MCl 2 (cod) (M = Pd,
Introduction
Organophosphorus ligands have been extensively used in organometallic and inorganic chemistry, 1 and are mainly important in homogeneous catalysis. 2 In particular, diaminophosphines in which the two phosphorus atoms are connected to a carbon chain and have the same substituents on each phosphorus atom, such as bis(diphenylphosphino)ethane (dppe) and bis(diphenylphosphino)methane (dppm) have been widely studied.
3,4
Lately, considerable attention has been devoted to diaminophosphines with a heteroatom or bridge combining two phosphorus atoms. 5−7 Compared to dppe, dppm, and bridged diphosphines, unsymmetrical diphosphines have attracted less attention. 8 Unsymmetrical diaminophosphines exemplify a fascinating series of ligands because the basicity or steric properties of the two phosphorus atoms can be different, which may be used to get different coordination modes, i.e. bidendate versus monodendate.
9
Considering the advantage of aminophosphines, in recent years our research group has reported the synthesis, 10 characterization and coordination properties, and catalytic activity of this type of ligand.
11−13
Since we obtained high catalytic activity with these ligands, herein we describe the preparation of novel diaminophosphine ligands and their transition metal complexes {Pd(II) and Pt(II)}. 14−16 As far as we know, there are not many reports on the use of these complexes, which include diaminophosphines carrying cyclohexyl or isopropyl moiety on the phosphorus atom, in carbon-carbon coupling reactions. All new compounds were characterized by multinuclear NMR spectroscopy, IR spectroscopy, and microanalysis. Furthermore, continuing our program involving the design and development of useful catalysts for the carbon-carbon coupling reaction, the catalytic activity of palladium complexes was assessed in Suzuki and Heck type coupling reactions.
Results and discussion

Synthesis and characterization of the diaminophosphine ligands
Diaminophosphine ligands N ,N '-bis(dicyclohexylphosphino)-2-(aminomethyl)aniline (1) and N ,N '-bis(diisopropylphosphino)-2-(aminomethyl)aniline (2) were prepared from the starting material 2-aminobenzylamine by aminolysis (Scheme). (2) Figure 1 ; on the journal's website). The assignment of the 1 H chemical shifts was derived from 2D HH-COSY spectra and the appropriate assignment of the 13 C chemical shifts from DEPT and 2D HMQC spectra. Furthermore, IR spectra and C, H, and N elemental analyses are in accord with the proposed structures (see experimental section for details).
The coordination properties of the ligands N ,N '-bis(dicyclohexylphosphino)-2-(aminomethyl)aniline (1) and N , N '-bis(diisopropylphosphino)-2-(aminomethyl)aniline (2) 
30−32
The complexes were able to be isolated as solid materials and characterized by IR as well as microanalysis. Furthermore, we extensively tried to obtain crystals suitable for X-ray analysis, but unfortunately were not successful.
Suzuki-Miyaura and Mizoroki-Heck coupling reactions
In a pilot study to examine the catalytic activity of palladium complexes, we initially tested the Suzuki crosscoupling reaction between aryl bromides with boronic acid.
33−35
The reaction parameters for the Suzuki crosscoupling reaction were optimized through a series of experiments. The effects of several parameters such as temperature, base, solvent, and ambient atmosphere were systematically studied by using the coupling of pbromoacetophenone and phenylboronic acid as a probe reaction. As can be seen in Table 1 , the best catalytic activities were only obtained when the Suzuki reaction was performed at 100
• C in dioxane with Cs 2 CO 3 .
On the other hand, one can easily observe in Table 1 that the efficiency of complexes is not the same for each complex. For instance, the Suzuki reaction with catalyst 3 always afforded higher catalytic activity than that with catalyst 4. It can also be seen in Table 1 that a typical reaction of p -bromoacetophenone and phenylboronic acid indicated that the reaction rate depended on the alkyl substituents on the phosphorus atom, i.e. results of the optimization studies clearly show that complex 3 having cyclohexyl (Cy) moiety on the phosphorus atom is a more active and efficient catalyst leading to nearly quantitative conversions.
With the best conditions in hand, next we conducted further experiments to investigate the scope of the Suzuki cross-coupling of catalysts 3 and 4 with various substrates, including aryl bromides and chlorides having electron-withdrawing or electron-donating substituents (Table 1, entries [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Encouraged by these results, we attempted to study the reactivity between substituted aryl bromides and phenylboronic acid. In this case, the reaction was slower compared to aryl iodides; therefore, we can easily conclude that the electronic nature of the aryl bromides has an obvious influence on the coupling reactions (Table 1 , entries 3-10). We also investigated catalytic activity of the complexes in Suzuki coupling reactions of arylchlorides with phenylboronic acid (Table   1 , entries 11 and 12). However, the highest conversion was up to 57% in the presence of Cs 2 CO 3 within 24 h in dioxane at 100
• C for catalyst 3 and elongation of the reaction time did not afford any further conversion. This can be expected since it is well known that chlorides are often less reactive towards the Suzuki coupling reaction under the same conditions used for the coupling of bromides and iodides. 36 Encouraged by the good catalytic activities obtained in the Suzuki-Miyaura cross-coupling reaction, we next extended our investigations to the Mizoroki-Heck reaction, and the results are given in Tables 2 and 3 . It is well known that among the different methods used to form carbon-carbon bonds palladium-catalyzed carbon-carbon bond formation between aryl halides and olefins has become an excellent tool for the synthesis of a variety of styrene derivatives. As expected, the rate of coupling in the Heck reaction depended on different parameters such as temperature, solvent, base, and catalyst loading. 40 The Heck reaction usually requires polar solvents. We tried Cs 2 CO 3 and K 2 CO 3 , which are expected to be the best bases for this reaction. Finally, from the optimum studies, we found that use of 1.0 % mmol, 2 equivalents of Cs 2 CO 3 in DMF at 120 • C for 3 and 4 led to the best conversions with the highest TOF values. We firstly investigated the catalytic activities of 3 and 4 for the coupling of p -bromoacetophenone with styrene (Table 2) . Under the determined reaction conditions, a wide range of aryl bromides bearing electron-donating and electron-withdrawing groups reacted with styrene, affording the coupled products in moderate to good yields. As expected, electron-deficient bromides were more beneficial to obtain high conversions (Table 3 , entries 1-8). Using aryl chlorides instead of aryl bromides yielded only small amount of stilbene derivatives under the conditions employed for bromides.
37−39
In summary, we prepared two new diaminophosphine ligands, as well as palladium and platinum complexes. All these new compounds were characterized using spectroscopic techniques. The catalytic activities of the Pd(II) complexes were tested in Suzuki coupling and Heck reactions. In general, it appears that { N ,N '-bis(dicyclohexylphosphino)-2-(aminomethyl)aniline} dichloropalladium(II) (3) is more efficient for Suzuki and Heck reactions of aryl bromides, but its activity is much lower for the coupling of aryl chlorides. The procedure is simple and effective towards various aryl bromides and does not require an induction period.
Experimental section
General
All reactions and processes were carried out under inert atmosphere of argon. Cy 2 PCl, (iPr) 2 PCl, 2-aminobenzylamine, and deuterated solvents were purchased from Sigma-Aldrich and used without further purification. The starting materials [MCl 2 (cod)] (M = Pd, Pt, cod = 1,5-cyclooctadiene) were synthesized according to the literature methods. 41 Reaction conditions: 1.0 mmol p -R-C 6 H 4 Br aryl bromide, 1.5 mmol styrene, 2.0 mmol Cs 2 CO 3 , 1 mol% complex (3 or 4), DMF (3.0 mL) at 120
• C. The yields are determined by 1 H NMR of the crude reaction. All reactions were monitored by GC; TOF = (mol product/mol Cat.) × h −1 .
Procedure for the Suzuki-Miyaura cross-coupling reaction
Palladium complexes (3 and 4, 0.001 mmol), aryl bromide/chloride/iodide (1.0 mmol), phenylboronic acid (1.5 mmol), base (2 mmol), and solvent (3 mL) were added to a Schlenk tube under argon atmosphere or in air and the mixture was followed for different conditions and parameters (temperature, time, base, etc.). After completion of the reaction, the mixture was cooled, extracted with ethyl acetate/hexane (1:5), filtered through a pad of silica gel with copious washing, concentrated, and purified by flash chromatography on silica gel. The purity of the compounds was checked immediately by GC and 1 H NMR and yields are based on aryl halides.
Procedure for the Heck coupling reaction
Palladium complexes (3 and 4, 0.01 mmol), aryl bromide/chloride/iodide (1.0 mmol), styrene (1.5 mmol), base (2 mmol), and solvent (3 mL) were added to a Schlenk tube under argon atmosphere or in air and the mixture was monitored for different conditions and parameters (temperature, time, base, etc.). After completion of the reaction, the mixture was cooled, extracted with ethyl acetate/hexane (1:5), filtered through a pad of silica gel with copious washing, concentrated, and purified by flash chromatography on silica gel. The purity of the compounds was checked immediately by GC and 1 H NMR and yields are based on aryl halides. 
